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D D D E Y ' C C E 1 ™?/ URIFICATI0N 0F ORGANIC MATERIAL BY ADSORBING MATERIAL TO BEADS AND ATTRACTING 
BEADS WITH MAGNETICAL, ELECTRICAL OR GRAVITATIONAL MEANS 

The present invention relates to a device for purification of organic material 
which is immobilised and retained on solid phases in a liquid solution. The 
device is based on that the liquid flows through a container via separated 
5 inlet and outlet. The solid phase is retained either by physical coupling to the 
container or by magnetic, electric or gravitational forces. 

Prior art 

Immobilisation of organic material on solid phases for purification is a 
known principle (international application no. PCT/GB9 1/002 12). The 

10 purification strategies according to prior art are either based on that the 
liquid is sucked out with the same means with which it is supplied to the 
container, or the filtration of the liquid from the solid phase (products 
supplied by QIAGEN GmbH, Germany). The problem with using the same 
means for supplying the contaminated liquid to the purification container and 

15 the removal of the liquid after purification is that it is complicated and the 
risk for contamination is clearly increased. To solve this problem by 
filtration complicates the whole process, since the filtrated particle has to be 
removed from the filter which tends to be clogged, or the organic material 
has to be eluted from the particles. 

20 In Norwegian patent application no 934915 it is described a device for 

removal of organic waste material from water through microbial growth on 
particles, with subsequent removal of these particles. This device describes 
however a device for purification of water only and cannot be used if the 
object is to purify organic material such as bacteria, nucleic acids, proteins 

25 and polysaccharides. 

Thus the object of the present invention is to provide a device for purifying 
organic material, such as for example DNA, RNA or proteins. 

This object is obtained by the present invention characterised by the enclosed 
claims. 

30 There is presently a considerable need for purifying organic material, 

especially in many applications, as for example polymerase chain reaction 
(PCR) it is of great importance to prevent cross contamination between 
different samples. 



WO 99/13051 



2 



PCT/NO98/00271 



The device according to the present invention is based on that the liquid used 
for purification is flowing in one direction only. It is never physical contact 
between the sample and that part of the device used for supplying the liquid. 
This prevents cross contamination between different samples. 

5 The invention will in the following be explained in greater detail and by 
reference to figure 1. 

Fig. la - Id are cross sections of the device according to the invention 
showing the design and the different steps in the purification process. 

The device according to the invention is illustrated in figure 1. It comprises a 

10 container 1 with an outlet opening 3 in the bottom of the container 1 

connected to a tube with a discharge leg ascending on the outside of the 
container up to below the rim of the container, a U-bend 4 and a suction leg 5 
ending below the bottom of the container. The container is mounted on a 
vertically moveable platform 6 guided by two guide bars 7 mounted on a 

15 basis which in addition contains an attracting means 8; mounted such that 
when the container is in its lowest position the attracting means is closely 
adjacent to the container. The platform 6 has two throughgoing holes for the 
section leg 5 of the outlet tube and the attracting means 8. The basis has one 
throughgoing hole for the suction leg of the outlet tube 5, corresponding to 

20 the same hole in the platform 6. The attracting means is a magnet or an 
electromagnetic device. The electromagnetic device is then activated by 
suitable activating means, such as a circuit switch for activation of electrical 
energy. The organic material to be purified can be in solution or in solid state 
and is added to the container together with the solid phase comprising 

25 particles or beads or paramagnetic beads, or the beads are added to the 
container before the organic material to be purified, or after the organic 
material is added to the container. Suitable liquid is then added to the 
container. To rinse out all material except the material of interest which is 
adsorbed to the solid phase, the level of the rinsing liquid is rised to reach the 

30 level corresponding to the U-bend 4 of the outlet tube, and the liquid will be 
sucked out of the container by gravitational forces until the container is 
empty. The flow of liquid through the container I may also be powered by 
pumps. The complexity of the device can be increased by mounting several 
containers together which can be moved vertically in relation to each other. 
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The magnetic means 8 will attract the solid phase when the container is 
moved to the lowest position (fig. lb). If the liquid is added to the container 
in this position it will when reaching the level corresponding to the U-bend 
flow out of the container while the particles will be kept in position by the 
5 magnetic forces. When the container is in the upper position the solid phase 
will not be affected by the magnetic forces, and by moving the container 
slightly up and down the mixture of particles and liquid will be facilitated. 

This device can for example be used for purification of bacteria and then the 
same solid phase can be used for purifying the DNA from this bacteria. In the 

10 upper position (fig. 1 a) the bacteria are mixed with a solution with 

paramagnetic particles and the bacteria will adhere to the solid phase. The 
container will then be lowered (fig. lb) such that the solid phase with the 
bacteria adsorbed will be pulled towards the magnets. Liquid will 
continuously be added to the container such that the critical liquid level for 

15 emptying the container is maintained. When the bacteria have obtained the 
desired purity the liquid is emptied out the container (fig ic,d) and the 
container is lifted to the upper position. A new liquid for rinsing of bacterial 
debris from the DNA and binding the DNA to the solid phase is added, and 
mixing of the solution by moving the container up and down in the upper 

20 position is performed. The container is then moved to the lowest position and 
the liquid level is kept on the critical level for emptying the container. This 
treatment is repeated until the DNA has reached the desired purity. In many 
occasions it will not be necessary to remove the organic material or DNA 
from the beads since for example DNA associated with the beads can be used 

25 directly in enzymatic reactions, such as the polymerase chain reaction (PCR). 

For example the purified DNA can be transferred to a new container, or the 
original container (1) can be used for downstream applications such as 
thermocycling in PCR. 

The device according to the invention may have several embodiments: 
30 1. All known beads for immobilising organic molecules can be used. 

2. Liquid flow can be regulated by a pump. 

3. The solid phase with the organic material can be retained either by 
being physically connected to a container, or by gravitational forces 
or electric forces. 

35 4. The liquid volumes can be varied. 
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5. The number of containers used in the process at the same time can 
vary. 

6. Mechanical movements and addition of liquids can be automatized. 
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CLAIMS 

1. Device for purification of organic material, included biological 
materials, preferably in solution, comprising a container (1) for the solution, 
wherein the container (1) is supplied with controllable liquid inlet and outlet 

5 located at a distance from each other and which allow flow of the liquid 
through the container, 

characterized in that the container (1) contains particles or beads 
for adsorbing or binding the organic material, and that the device further is 
equipped with means for attracting the particles, and further comprise means 
10 for activation of the attracting means for attracting the particles and thereby 
attracting the adsorbed or attached organic material. 

2. Device according to claim 1, 

characterized in that it further comprises means for controlling the 
flow of liquid through the container (1). 

15 3. Device according to claim 2, 

characterized in that the means for controlling the flow of liquid 
includes a pump. 

4. Device according to one of the preceding claims, 
characterized in that the outlet includes an opening (3) in the 
20 bottom of the container and a tube connected to the opening, which tube has 
an ascending discharge leg, a U-bend (4) located below the rim of the 
container, a descending suction leg and the opening (5) of the suction leg is 
located below the bottom of the container, such that when liquid flows 
through the outlet the container will be emptied. 

25 5. Device according to one of the preceding claims, 

characterized in that the activated means are the moving means 
for the container and/or the attracting means, and that the attracting means in 
itselves influences the beads proportionally with the distance between the 
beads and the attracting means. 

30 6. Device according to one of the claims 1 - 4, 

characterized in that the activating means consists of switches for 
supply energy and thereby activating the attracting means. 
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7. Device according to one of the claims 1 - 5, 

characterized in that the particles are paramagnetic beads and the 
attracting means for the said particles are means for creation of a magnetic 
field, preferably permanent magnets. 

5 8. Device according to one of the claims 1 - 6, 

characterized in that the beads or particles are electrically charged 
and that the attracting means of the said particles are means for creation of an 
electric field. 

9. Method for purifying organic material, preferable in a solution, 
10 characterized in that it comprises the following steps; 

a) to add the organic material to be purified together with beads or 
particles for adsorption and/or binding of the organic material in a 
container (1) supplied with controllable inlet and outlet for liquids 
located at a distance from each other, 
15 b) to fill the container with a liquid, 

c) to activate means for attracting the beads or particles, 

d) to empty the liquid out of the container such that the beads or particles 
with the organic material adsorbed remain in the container. 

10. Method according to claim 9 wherein the outlet (3) of the container is 
20 connected to a U- formed tube with the ascending leg on the outside of the 

container and the U-bend (4) defining the upper liquid level in the container 
below the rim of the container and the outlet (5) of the descending leg of the 
tube is located below the outlet of the container, 

characterized in that in step (b) the container is filled with liquid 
25 to a level which is below the horizontal U-bend and in step (d) the container 
is filled to a level which is on or above the horizontal U-bend, such that the 
container will be emptied for the liquid. 
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